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(si) Active adaptive control system with spectral leak. 

(57) An active adaptive control system introduces 
a control signal from an output transducer (14) 
to combine with the system input signal (6) and 
yield a system output signal (8). An adaptive 
filter model (40) has an output (46) supplying a 
correction signal to the output transducer to 
introduce the control signal. The model has a 
first error input (44, 232, 248) driven by an error 
signal from an error transducer (16) to drive the 
correction signal toward a value matching the 
system input signal to modify and/or cancel 
same. The model has a second error input (202, 
224, 240, 268. 280) selectively driven by a spec- 
tral leak signal (212) to drive the correction 
signal away from such matching value by driv- 
ing the correction signal towards zero, to selec- 
tively constrain performance of the model in 
response to a given condition of a given par- 
ameter. 
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BACKGROUND AND SUMMARY 

The invention relates to active adaptive control 
systems, and more particularly to an improvement for 
intentionally selectively constraining performance 5 
when control is undesired. 

The invention arose during continuing develop- 
ment efforts directed toward active acoustic attenua- 
tion systems. Active acoustic attenuation involves in- 
jecting a canceling acoustic wave to destructively in- 10 
terfere with and cancel an input acoustic wave. In an 
active acoustic attenuation system, the output acous- 
tic wave is sensed with an error transducer, such as 
a microphone or an accelerometer, which supplies an 
error signal to an adaptive filter control model which 15 
in turn supplies a correction signal to a canceling out- 
put transducer, such as a loudspeaker or a shaker, 
which injects an acoustic wave to destructively inter- 
fere with the input acoustic wave and cancel same 
such that the output acoustic wave at the error trans- 20 
ducer is zero or some other desired value. 

An active adaptive control system minimizes an 
error signal by introducing a control signal from an 
output transducer to combine with the system input 
signal and yield a system output signal. The system 25 
output signal is sensed with an error transducer pro- 
viding the error signal. An adaptive filter model has an 
error input from the error signal, and outputs a correc- 
tion signal to the output transducer to introduce a con- 
trol signal matching the system input signal, to mini- 30 
mize the error signal. 

The present invention is applicable to active 
adaptive control systems, including active acoustic 
attenuation systems. In the present invention, the 
adaptive filter model is provided with a pair of error in- 35 
puts. The system drives the first error input to drive 
the correction signal toward a value matching the sys- 
tem input signal, and selectively drives the second er- 
ror input to drive the correction signal away from the 
matching signal by instead driving the correction sig- 40 
nal towards zero. A spectral leak signal is selectively 
supplied to the second error input in response to a giv- 
en condition of a given parameter, such that in the 
presence of the given condition, the spectral leak sig- 
nal drives the correction towards zero, and such that " 45 
in the absence of the given condition, the error signal 
from the error transducer drives the correction signal 
towards the noted matching value. 

The method of the present invention involves se- 
lectively constraining performance of the model by so 
driving the output of the model towards zero in re- 
sponse to a given condition of a given parameter. In 
preferred form, the output of the model is driven to- 
wards zero by driving the output of the model towards 
the error input, such that when the model adapts to 55 
drive the error signal towards zero, the output of the 
model is also driven towards zero. This is preferably 
accomplished by providing a copy of the model and 



supplying the output of the copy to the error input, 
such that the model adapts to drive the error input to- 
wards zero which in turn requires that the output of 
the copy and hence the output of the model are driven 
towards zero to provide the noted constrained perfor- 
mance when modification and/or cancellation of the 
system input signal by the model is undesired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of an active 
adaptive control system. 

Fig. 2 is a schematic illustration of an adaptive fil- 
ter model, and illustrates a principle employed by the 
present invention. 

Fig. 3 is like Fig. 2 and shows another manner of 
implementing the principle thereof. 

Fig. 4 is a schematic illustration of an active 
adaptive control system in accordance with the pres- 
ent invention. 

Fig. 5 shows a further embodiment of the inven- 
tion. 

Fig. 6 shows a further embodiment of the inven- 
tion. 

DETAILED DESCRIPTION 

Fig. 1 is similar to Fig. 5 of U.S. Patent 4,677,676, 
incorporated herein by reference, and uses like refer- 
ence numerals to facilitate understanding. The sys- 
tem introduces a control signal from an output trans- 
ducer 14, such as a loudspeaker, shaker, or other ac- 
tuator or controller, to combine with the system input 
signal 6 and yield a system output signal 8. An input 
transducer 10, such as a microphone, accelerometer, 
or other sensor, senses the system input signal. An er- 
ror transducer 16, such as a microphone, accelerom- 
eter, or other sensor, senses the system output signal 
and provides an error signal. Adaptive filter model 40 
adaptively models the system and has a model input 
42 from input transducer 1 0, an error input 44 from er- 
ror transducer 16, and a model output 46 outputting 
a correction signal to output transducer 14 to intro- 
duce the control signal. In a known alternative, the in- 
put signal at 42 may be provided by one or more error 
signals, in the case of a periodic system input signal, 
"Active Adaptive Sound Control In A Duct A Comput- 
er Simulation", J.C. Burgess, Journal of Acoustic So- 
ciety of America, 70(3), September 1 981 , pages 715- 
726, U.S. Patents 5,206,911, 5,216,722, incorporated 
herein by reference. 

The present invention provides an active adap- 
tive control system wherein the performance of model 
40 is intentionally and selectively constrained by driv- 
ing the output 46 of the model towards zero in re- 
sponse to a given condition of a given parameter. For 
example, in an active noise control system, it may be 
desirable to cancel noise only in a given frequency 
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band, and leave the noise uncanceled for frequencies 
outside the band. In other control applications, it may 
be desirable to selectively control the system output 
signal by selectively controlling introduction of the 
control signal from output transducer 14 to match or 5 
not match the system input signal. 

One manner of constraining system performance 
is to drive the output of model 40 towards zero and 
away from a value matching system input signal 6. 
One way of accomplishing this is shown in Fig. 2 10 
wherein the output of model 40 is supplied to its error 
input, such that when the model adapts to drive its er- 
ror input towards zero, the output of the model is nec- 
essarily also driven towards zero. Fig. 3 shows an- 
other manner of implementing this principle wherein 15 
a copy of the model is provided at 200, and the output 
of model copy 200 supplies the error signal to the er- 
ror input of model 40. In Fig. 3, model 40 adapts to 
drive its error input towards zero, which in turn re- 
quires that the output of copy 200 be driven towards 20 
zero, which in turn means that the output of model 40 
is driven towards zero because M copy 200 is a du- 
plicate of model 40. These principles are utilized in 
the present invention. 

Model 40, Fig. 4, normally adapts to a converged 25 
condition wherein its output at 46 provides a correc- 
tion signal to output transducer 14 which outputs a 
control signal matching the system input signal or a 
designated relative value correlated thereto. For ex- 
ample, in a noise cancellation system, the matching 30 
control signal from output transducer 14 cancels the 
input noise. In the present invention, in response to a 
given condition of a given parameter, the output of 
model 40 is driven towards zero by driving the output 
of the model towards its error input, such that when 35 
the model adapts to drive the error signal towards 
zero, the output of the model is also driven towards 
zero. This is accomplished by providing a copy 200 of 
model 40, and supplying the output of the copy to an 
error input 202 of the model which is summed at sum- 40 
mer 204 with the error signal at error input 44 from er- 
ror transducer 1 6. The model adapts to drive the error 
input towards zero which in turn requires that the out- 
put of copy 200 and hence the output of model 40 are 
driven towards zero, to provide the noted constrained 45 
performance. The driving of model output 46 towards 
zero provides a zero or at least a reduced correction 
signal to output transducer 14 to constrain or reduce 
modification and/or cancellation of the system input 
signal 6. 50 

A random signal is provided at 206 from an aux- 
iliary random signal source 208, preferably provided 
by a Galois sequence, M.R. Schroeder, "Number 
Theory In Science And Communications 0 , Berlin, 
Springer-Berlag, 1984, pages 252-261, though other 55 
random signal sources may be used, uncorrelated 
with the system input signal 6. The Galois sequence 
is a pseudo random sequence that repeats after 2 M - 



1 points, where M is the number of stages in a shift 
register. The Galois sequence is preferred because it 
is easy to calculate and can easily have a period much 
longer than the response time of the system. The ran- 
dom signal is supplied through a stopband filter 210 
to model copy 200 at 212. Stopband filter 210 blocks 
frequencies in the stopband, and passes frequencies 
outside the stopband. This arrangement provides a 
spectral leak signal at 202 in response to a given con- 
dition of a given parameter, for example a frequency 
outside the stopband. In such implementation, the 
noted given parameter is frequency, and the given 
condition is a designated sub-optimum performance 
band outside the stopband. 

The spectral leak error signal at 202 drives the 
correction signal at model output 46 towards zero and 
provides sub-optimum performance of model 40. 
Outside of the sub-optimum performance band, i.e. 
within the stopband of filter 210, there is no signal at 
212 and hence the output of copy 200 is undefined, 
and the error signal from error transducer 1 6 at error 
input 44 is maximally effective and model 40 optimal- 
ly responds thereto and drives the correction signal at 
output 46 toward a value matching the system input 
signal 6. When the spectral leak signal is present at 
error input 202, it constrains performance of model 40 
by driving or at least attempting to drive the correction 
signal at model output 46 towards zero. The relative 
influence or amplitudes of the error signals at error in- 
puts 44 and 202 are adjusted to provide the desired 
relative dominance. Where it is desired to eliminate all 
modification and/or cancellation of the system input 
signal when the frequency is outside the stopband of 
filter 210, then the noted relative amplitudes are set 
such that the error signal at error input 202 dominates 
the error signal at error input 44, and hence the cor- 
rection signal at model output 46 is driven towards 
zero and away from a value matching the system in- 
put signal 6. 

The present method involves driving error input 
44 to drive the correction signal at model output 46 to- 
ward a value matching the system input signal, and 
selectively driving error input 202 to drive the correc- 
tion signal at model output 46 away from the matching 
value by driving the correction signal towards zero. 
The arrangement provides a spectral leak signal to 
error input 202 in response to the noted given condi- 
tion of the given parameter, e.g. a frequency outside 
the stopband, such that in the presence of the given 
condition, the spectral leak signal drives the correc- 
tion signal at model output 46 towards zero, and in the 
absence of the given condition the error signal at error 
input 44 drives the correction signal at model output 
46 towards a value matching the system input signal 
6. 

Stopband filter 21 0 blocks frequencies in a given 
stopband at which modification or cancellation of the 
system input signal 6 by model 40 is desired. Filter 
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210 passes frequencies in a given passband at which 
modification or cancellation of the system input signal 
by model 40 is undesired. The control signal output by 
output transducer 14 is driven toward a value match- 
ing the system input signal 6 only for frequencies in 5 
the stopband. At frequencies in the stopband, the er- 
ror signal, at error input 44 is dominant, and the con- 
trol signal output by output transducer 14 is driven to- 
ward a value matching the system input signal 6. At 
frequencies in the passband, the error signal at error 10 
input 202 is dominant, and the control signal output by 
output transducer 14 is driven away from a value 
matching the system input signal 6. 

Fig. 5 is similar to Figs. 1 9 and 20 of the incorpo- 
rated '676 patent, and uses like reference numerals 15 
where appropriate to facilitate understanding. As not- 
ed in the incorporated '676 patent model M at 40 is 
preferably an adaptive recursive filter having a trans- 
fer function with both poles and zeros. Model M is pro- 
vided by an MR, infinite impulse response, filter, e.g. 20 
a recursive least mean square, RLMS, filter having a 
first algorithm filter provided by an FIR, finite impulse 
response, filter, e.g. a least mean square, LMS, filter 
A at 12, and a second algorithm filter provided by an 
FIR filter, e.g. an LMS filter, B at 22. Filter A provides 25 
a direct transfer function, and filter B provides a re- 
cursive transfer function. The transfer function from 
output transducer 14 to error transducer 16 is mod- 
eled by a filter, e.g. an LMS or RLMS filter, C at 142, 
as in the incorporated '676 patent. 30 

Auxiliary random signal source 140 introduces a 
random signal into the output of model 40 at summer 
1 52 and into the C model at 148. The auxiliary random 
signal from source 140 is random and uncorrelated 
with the system input signal 6, and is also uncorrelat- 35 
ed with auxiliary random signal source 208, and in 
preferred form is provided by a Galois sequence, M.R. 
Schroeder, "Number Theory In Science And Commu- 
nications", Berlin, Springer-Berlag, 1984, pages 252- 
261 , though other random uncorrelated signal sourc- 40 
es may be used. The Galois sequence is a pseudo 
random sequence that repeats after 2 M -1 points, 
where M is the number of stages in a shift register. 
The Galois sequence is preferred because it is easy 
to calculate and can easily have a period much longer 45 
than the response time of the system. The input 148 
to C model 142 is multiplied with the error signal from 
error transducer 16 at multiplier 68, and the resultant 
product provided as weight update signal 67. Model 
142 models the transfer function from output trans- so 
ducer 14 to error transducer 16, including the transfer 
function of each. Alternatively, the transfer function 
from output transducer 1 4 to error transducer 1 6 may 
be modeled without a random signal source, as in 
U.S. Patent 4,987,589, incorporated herein by refer- 55 
ence. Auxiliary source 140 introduces an auxiliary 
random signal such that error transducer 16 also 
senses the auxiliary signal from the auxiliary source. 



The auxiliary signal may be introduced into the recur- 
sive loop of the A and B filters as in Fig. 19 of the in- 
corporated '676 patent at summer 1 52, or alternative- 
ly the auxiliary signal may be introduced into the mod- 
el after the recursive loop, i.e. introducing the auxili- 
ary signal only to line 46, and not to line 47. As in the 
incorporated '676 patent, copies of model 142 are 
provided at 144 and 146 to compensate the noted 
transfer function. 

The outputs of filters A and B are summed at 
summer 48, whose output is summed at summer 152 
with the output of random signal source 140 to provide 
an output resultant sum which provides the model out- 
put at 46 supplying the noted correction signal to out- 
put transducer 14. The output of model 142 is sum- 
med at summer 64 with the output of error transducer 
16, and the resultant sum supplied as the error input 
to model 142 and as an error input to model 40. Alter- 
natively, the output of error transducer 16 may be 
supplied directly to an error input of model 40 without 
being supplied through summer 64. 

M copy 200, Fig. 4, is provided by a copy of A filter 
12 at A copy 214, Fig. 5, and a copy of B filter 22 at 
B copy 216. Multiplier 21 8 multiplies the output 220 of 
A copy 214 and the input 222 of A copy 214, and sup- 
plies the output resultant product at 224 to summer 
226. Multiplier 228 multiplies the output 230 of C copy 
144 and the error input at 44, and supplies the output 
resultant product at 232 to summer 226. Summer 226 
sums the inputs 232 and 224, and supplies the output 
resultant sum as weight update signal 74 to A filter 1 2. 
Multiplier 234 multiplies the output 236 of B copy 21 6 
and the input 238 of B copy 21 6, and supplies the out- 
put resultant product at 240 to summer 242. Multiplier 
244 multiplies the output 246 of C copy 146 and the 
error input at 44, and supplies the output resultant 
product at 248 to summer 242. The summer 242 sums 
the inputs 248 and 240, and supplies the output resul- 
tant sum as weight update signal 78 to B filter 22. The 
input to A copy 214 and to B copy 216 is provided by 
the output 21 2 of stopband filter 21 0 receiving the not- 
ed random input signal at 206 from random signal 
source 208. 

The error signals at error inputs 232 and 224 op- 
positely drive the model. The error signal at error input 
232 of the direct transfer function filter A drives the 
correction signal at 46 towards a value matching the 
system input signal 6. The error signal at error input 
224 of filter A drives the correction signal at 46 away 
from the noted matching value by driving the correc- 
tion signal towards zero. As noted above, this is ac- 
complished by using a copy 2 14 of the Afi Iter and sup- 
plying the output of such copy as an error input to the 
adaptive model such that in attempting to drive the er- 
ror input to zero, the model must drive its output to 
zero. The signal at error input 224 is provided only in 
response to a given condition of a given parameter, 
e.g. when the frequency is outside the stopband of f il- 
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ter 21 0. The relative amplitudes of the input signals at 
error inputs 232 and 224 are adjusted such that the 
signal at error input 224 dominates when both are 
present or the degree of dominance is adjusted to in 
turn adjust the amount of constrainment of perfor- s 
mance of the model so that the correction signal at 46 
is driven towards zero but never reaches zero, such 
that there is still some modification and/or cancella- 
tion of the system input signal, though to a reduced 
degree. When the frequency is in the stopband of f il- w 
ter 210, there is no output at 212, and hence no input 
to A copy 214 and hence the latter's output is unde- 
fined, whereby error input 232 from error signal 44 
from error transducer 16 dominates and hence drives 
correction signal 46 to a value which matches the sys- 15 
tern input signal 6 to provide modification and/or con- 
trol of the latter. The error inputs 248 and 240 to the 
recursive transfer function filter B of model 40 func- 
tion comparably to error inputs 232 and 224, respec- 
tively. Model 40 has a first error input provided at 232 20 
and 248 from error transducer 16 driving the output 
of the model towards a value matching the system in- 
put signal 6. Model 40 has a second error input at 224 
and 240 selectively driving the output of model 40 
away from such matching value and instead driving 25 
the correction signal 46 towards zero. 

Fig. 6 is similar to Fig. 5 and uses like reference 
numerals where appropriate to facilitate understand- 
ing. Summer 260 sums the output 230 of C copy 144 
and the output 212 of stopband filter 210 which sup- 30 
plies the input to A copy 214, and supplies the output 
resultant sum at 262 to multiplier 264. Summer 266 
sums the output 268 of A copy 214 and the error input 
at 44, and supplies the output resultant sum at 270 to 
multiplier 264. Multiplier 264 multiplies the inputs 262 35 
and 270, and supplies the output resultant product as 
weight update signal 74 to A filter 12. Multiplier 272 
multiplies the output 246 of C copy 146 and the output 
212 of stopband filter 210 which supplies the input to 
B copy 216, and supplies the output resultant product 40 
at 274 to multiplier 276. Summer 278 sums the output 
280 of B copy 216 and the error input at 44, and sup- 
plies the output resultant sum at 282 to multiplier 276. 
Multiplier 276 multiplies inputs 282 and 274, and sup- 
plies the output resultant product as weight update 45 
signal 78 to B filter 22. 

The error signals at 44 and 268 oppositely drive 
the model. The error signal at error input 44 of the di- 
rect transfer function filter A drives the correction sig- 
nal at 46 towards a value matching the system input so 
signal 6. The error signal at error input 268 of filter A 
drives the correction signal at 46 away from the noted 
matching value by driving the correction signal to- 
wards zero. As noted above, this is accomplished by 
using a copy 214 of the A filter and supplying the out- 55 
put of such copy as an error input to the adaptive mod- 
el such that in attempting to drive the error input to 
zero, the model must drive its output to zero. The sig- 



nal at error input 268 is provided only in response to 
a given condition of a given parameter, e.g., when the 
frequency is outside the stopband of filter 210. The 
relative amplitudes of the input signals at error inputs 
44 and 268 to summer 266 are adjusted such that the 
signal at error input 268 dominates when both are 
present, or the degree of dominance is adjusted to in 
turn adjust the amount of constrainment of perfor- 
mance of the model so that the correction signal at 46 
is driven towards zero but never reaches zero, such 
that there is still some modification and/or cancella- 
tion of the system input signal, though to a reduced 
degree. When the frequency is in the stopband of fil- 
ter 210, there is no output at 212, and hence no input 
to A copy 214 and hence the latter's output is unde- 
fined, whereby error input 44 to summer 266 from er- 
ror transducer 16 dominates and hence the model 
drives correction signal 46 to a value which matches 
the system input signal 6 to provide modification 
and/or control of the latter. The error inputs 44 and 
280 at summer 278 to the recursive transfer function 
filter B of model 40 function comparably to error in- 
puts 44 and 268 at summer 266, respectively. Model 
40 in Fig. 6 has a first error input provided at 44 to 
summers 266 and 278 from error transducer 16 driv- 
ing the output of the model towards a value matching 
the system input signal 6. Model 40 has a second er- 
ror input at 268 and 280 selectively driving the output 
of model 40 away from such matching value and in- 
stead driving the correction signal 46 towards zero. 

It is recognized that various equivalents, alterna- 
tives and modifications are possible within the scope 
of the appended claims. 



Claims 

1 . An active adaptive control method comprising in- 
troducing a control signal from an output trans- 
ducer to combine with a system input signal and 
yield a system output signal, sensing said system 
output signal with an error transducer providing 
an error signal, providing an adaptive filter model 
having an error input from said error signal and an 
output outputting a correction signal to said out- 
put transducer to introduce said control signal, 
and selectively constraining performance of said 
model by driving said output of said model to- 
wards zero in response to a given condition of a 
given parameter. 

2. The method according to claim 1 comprising driv- 
ing said output of said model towards zero by driv- 
ing said output of said model towards said error 
input, such that when said model adapts to drive 
said error signal towards zero, said output of said 
model is also driven towards zero. 
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3. The method according to claim 1 comprising pro- 
viding a copy of said model and supplying the out- 
put of said copy to said error input such that said 
model adapts to drive said error input towards 
zero which in turn requires that said output of said 5 
copy and hence said output of said model are 
driven towards zero to provide said constrained 
performance. 



meter. 

9. The method according to claim 8 comprising sup- 
plying the output of said filter to the input of said 
copy, and supplying the output of said copy to 
said second error input, such that said spectral 
leak signal is supplied first through said filter and 
then through said copy. 



4. An active adaptive control method comprising in- 
troducing a control signal from an output trans- 
ducer to combine with a system input signal and 
yield a system output signal, sensing said system 
output signal with an error transducer providing 
an error signal, providing a spectral leak signal in 
response to a given condition of a given parame- 
ter, providing an adaptive filter model having an 
output output ting a correction signal to said out- 
put transducer to introduce said control signal, 
providing said adaptive filter model with a first er- 
ror inputfrom said error signal driving said correc- 
tion signal towards a value matching said system 
input signal, and a second error input from said 
spectral leak signal constraining performance of 
said model by driving said correction signal to- 
wards zero. 



10 10. An active adaptive control method comprising in- 
troducing a control signal from an output trans- 
ducer to combine with a system input signal and 
yield a system output signal, sensing said system 
output signal with an error transducer providing 
15 an error signal, providing a spectral leak signal 
from an auxiliary random signal source uncorre- 
lated with said system input signal in response to 
a given condition of a given parameter, providing 
an adaptive filter model having an output output- 
20 ting a correction signal to said output transducer 

to introduce said control signal, providing said 
model with a first error input from said error signal 
driving said correction signal toward a value 
matching said system input signal, providing said 
25 model with a second error input from said spec- 
tral leak signal constraining performance of said 
model in response to said given condition of said 
given parameter and driving said correction sig- 
nal away from said matching value. 

30 

11. The method according to claim 10 comprising 
providing a copy of said model, and supplying 
said spectral leak signal from said auxiliary ran- 
dom signal source through said copy to said sec- 

35 ond error input 

12. The method according to claim 10 comprising 
providing a filter responsive to said given para- 
meter, and supplying said spectral leak signal 

40 from said auxiliary random signal source through 

said filter to said second error input. 



5. The method according to claim 4 wherein said 
given parameter is frequency, and said given 
condition is a designated sub-optimum perfor- 
mance band, such that in said designate sub-op- 
timum performance band, said spectral leak er- 
ror signal drives said correction signal towards 
zero and provides sub-optimum performance of 
said model, and such that outside of said desig- 
nated sub-optimum performance band, said er- 
ror signal is maximally effective and said model 
optimally responds thereto and drives said cor- 
rection signal toward a value matching said sys- 
tem input signal. 

6. The method according to claim 4 comprising pro- 
viding a copy of said model, and supplying said 
spectral leak signal through said copy to said sec- 
ond error input. 45 

7. The method according to claim 4 comprising pro- 
viding a filter responsive to said given parameter, 
and supplying said spectral leak signal through 

said filter to said second error input in response so 
to said given condition of said given parameter. 

8. The method according to claim 4 comprising pro- 
viding a copy of said model, providing a filter re- 

sponsive to said given parameter, and supplying 55 
said spectral leak signal through said filter and 
through said copy to said second error input in re- 
sponse to said given condition of said given para- 



13. The method according to claim 10 comprising 
providing a filter responsive to said given para- 
meter, providing a copy of said model, and sup- 
plying said spectral leak signal from said auxili- 
ary random signal source through said filter and 
through said copy to said second error input. 

14. The method according to claim 10 wherein said 
given parameter is frequency, and said given 
condition is a designated sub-optimum perfor- 
mance band, such that in said designated sub- 
optimum performance band, said spectral leak 
signal provides sub-optimum performance of 
said model, and such that outside of said desig- 
nated sub-optimum performance band, said er- 
ror signal is maximally effective and said model 



6 



11 



EP 0 661 807 A2 



12 



optimally responds thereto and drives said cor- 
rection signal toward said matching value. 

15. An active adaptive control method comprising in- 
troducing a control signal from an output trans- 5 
ducer to combine with a system input signal and 
yield a system output signal, providing an adap- 
tive filter model having an output supplying a cor- 
rection signal to said output transducer to intro- 
duce said control signal, providing said adaptive 10 
filter model with a pair of error inputs, driving the 

first of said error inputs to drive said correction 
signal toward a value matching said system input 
signal, selectively driving the second of said sec- 
ond error inputs to drive said correction signal is 
away from said matching value by driving said 
correction signal towards zero. 

16. The method according to claim 15 comprising 
supplying an error signal to said first error input 20 
from an error transducer sensing said system 
output signal, and selectively supplying a spec- 
tral leak signal to said second error input in re- 
sponse to a given condition of a given parameter 
such that 25 

in the presence of said given condition, 
said spectral leak signal drives said correction 
signal towards zero, and 

in the absence of said given condition, 
said error signal drives said correction signal to- 30 
wards said matching value. 

17. An active adaptive control method comprising in- 
troducing a control signal from an output trans- 
ducer to combine with a system input signal and 35 
yield a system output signal, sensing said system 
output signal with an error transducer providing 

an error signal, providing an adaptive filter model 
having an error input from said error signal and 
having an output supplying a correction signal to 40 
said output transducer to introduce said control 
signal, providing a stopband filter supplying a fil- 
tered signal to said model, said filter blocking fre- 
quencies in a given stopband at which control of 
said system input signal by said model is desired, 45 
said filter passing frequencies in a given pass- 
band at which control of said system input signal 
by said model is undesired. 

18. The method according to claim 17 comprising so 
driving said control signal toward a value match- 
ing said system input signal only for frequencies 

in said stopband. 

19. The method according to claim 17 comprising 55 
driving said control signal toward a value match- 
ing said system input signal for frequencies in 
said stopband, and driving said control signal 



away from a value matching said system input 
signal for frequencies in said passband. 

20. The method according to claim 17 comprising 
providing an auxiliary random signal source sup- 
plying a random input signal to said stopband fil- 
ter uncorrected with said system input signal. 

21. The method according to claim 17 comprising 
providing a copy of said model having an output 
supplied to said model. 

22. The method according to claim 17 comprising 
providing said adaptive filter model with a second 
error input, and supplying said filtered signal to 
said second error input 

23. The method according to claim 22 comprising 
providing an auxiliary random signal source sup- 
plying a random input signal to said stopband fil- 
ter uncorrected with said system input signal, 
providing a copy of said model having an input 
from said stopband filter and an output supplied 
to said second error input. 

24. An active adaptive control method comprising in- 
troducing a control signal from an output trans- 
ducer to combine with a system input signal and 
yield a system output signal, sensing said system 
output signal with an error transducer providing 
an error signal, providing a spectral leak signal in 
response to a designated sub-optimum perfor- 
mance frequency band, providing an adaptive fil- 
ter model having an output outputting a correc- 
tion signal to said output transducer to introduce 
said control signal, providing said adaptive filter 
model with a first error input from said error signal 
driving said correction signal towards a value 
matching said system input signal, and a second 
error input from said spectral leak signal con- 
straining performance of said model by driving 
said correction signal away from said matching 
value. 

25. An active adaptive control method comprising in- 
troducing a control signal from an output trans- 
ducer to combine with a system input signal and 
yield a system output signal, sensing said system 
output signal with an error transducer providing 
an error signal, providing an adaptive filter model 
having an output outputting a correction signal to 
said output transducer to introduce said control 
signal, providing said adaptive filter model with a 
first error input from said error signal driving said 
correction signal towards a value matching said 
system input signal, providing said adaptive filter 
model with a second error input, providing a copy 
of said model, providing a spectral leak signal in 
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response to a given condition of a given parame- 
ter and supplying said spectral leak signal 
through said copy to said second error input to 
constrain performance of said model by driving 
said correction signal away from said matching s 
value. 

26. An active adaptive control system comprising an 
output transducer introducing a control signal to 
combine with a system input signal and yield a 10 
system output signal, an error transducer sensing 

said system output signal and providing an error 
signal, an adaptive filter model having an output 
outputting a correction signal to said output 
transducer to introduce said control signal and 15 
having a first error input from said error signal 
driving said correction signal towards a value 
matching said system input signal, and having a 
second error input a spectral leak signal source 
responsive to a given condition of a given para- 20 
meter and supplying a spectral leak signal to said 
second error input to constrain performance of 
said model by driving said correction signal away 
from said matching value. 

25 

27. The invention according to claim 26 wherein said 
spectral leak signal source comprises a copy of 
said model having an output supplied to said sec- 
ond error input 

30 

28. The invention according to claim 27 wherein said 
spectral leak signal source further comprises a 
filter responsive to a given condition of a given 
parameter and having an output supplied to the 
input of said copy. 35 

29. The invention according to claim 28 wherein said 
spectral leak signal source further comprises an 
auxiliary random signal source uncorrected with 
said system input signal and having an output 40 
supplied to the input of said filter, such that said 
spectral leak signal is supplied from said auxili- 
ary random signal source through said filter and 
through said copy to said second error input 

45 

30. The invention according to claim 26 comprising a 
second adaptive filter model adaptively modeling 
the transfer function from said output transducer 
to said error transducer, a first auxiliary random 
signal source supplying a random signal to said so 
second adaptive filter model uncorrected with 
said system input signal, and wherein said spec- 
tral leak signal source comprises a second auxil- 
iary random signal source supplying a random 
signal to said second error input un correlated 55 
with said system input signal. 

31. The invention according to claim 30 wherein said 



random signals from said first and second auxil- 
iary random signal sources are uncorrected with 
each other. 

32. The invention according to claim 26 wherein said 
adaptive filter model comprises an MR filter hav- 
ing an FIR filter A and another FIR filter B each 
having a first error input from said error signal 
and each having a second error input, and where- 
in said spectral leak signal source comprises a 
copy of filter A having an output supplied to said 
second error input of filter A, and a copy of filter 
B having an output supplied to said second error 
input of filter B. 

33. The invention according to claim 32 comprising a 
first summer summing said first and second error 
inputs to filter A and supplying the output resul- 
tant sum to update filter A, and a second summer 
summing said first and second error inputs to fil- 
ter B, and supplying the output resultant sum to 
update filter B. 

34. The invention according to claim 33 comprising a 
first multiplier multiplying the input to filter A and 
the error signal from said error transducer, and a 
second multiplier multiplying the input to filter B 
and the error signal from said error transducer, 
and wherein said first summer sums the output of 
said first multiplier and the output of said copy of 
filter A and supplies the output resultant sum as 
a weight update signal to filter A, and said second 
summer sums the output of said second multiplier 
and the output of said copy of filter B and supplies 
the output resultant sum as a weight update sig- 
nal to filter B. 

35. The invention according to claim 34 comprising a 
third multiplier multiplying the output of said copy 
of filter A and the input to said copy of filter A, and 
supplying the output resultant product as said 
second error input to filter A at said first summer, 
and a fourth multiplier multiplying the output of 
said copy of filter B and the input to said copy of 
filter B, and supplying the output resultant prod- 
uct as said second error input to filter B at said 
second summer. 

36. The invention according to claim 35 comprising a 
second adaptive filter model adaptively modeling 
the transfer function from said output transducer 
to said error transducer, an auxiliary random sig- 
nal source supplying a random signal to said sec- 
ond adaptive filter model uncorrected with said 
system input signal, a first copy of said second 
model having an input receiving the input to filter 
A, wherein said first multiplier multiplies the out- 
put of said first copy of said second model and the 
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error signal from said error transducer and sup- 
plies the output resultant product as said first er- 
ror input to said first summer, a second copy of 
said second model having an input receiving the 
input to filter B, wherein said second multiplier 
multiplies the output of said second copy of said 
second model and the error signal from said error 
transducer and supplies the output resultant 
product as said first error input to said second 



the input to filter B and an output supplied to said 
fourth summer, wherein said fourth summer 
sums the output of said second copy of said sec- 
ond model and the input to said copy of filter B 
5 and supplies the output resultant sum to said sec- 

ond multiplier for multiplication with the output of 
said second summer to provide the weight update 
signal to filter B. 

41. The invention according to claim 40 comprising a 
second auxiliary random signal source uncorre- 
cted with said system input signal and un corre- 
lated with said first mentioned auxiliary random 
signal source, a stopband filter having an input 
from said second auxiliary random signal source, 
wherein the output of said stopband filter pro- 
vides an input to said copy of f titer Aand provides 
an input to said third summer and provides an in- 
put to said copy of filter B and provides an input 
to said fourth summer. 



summer. 10 

37. The invention according to claim 36 comprising a 
second auxiliary random signal source uncorre- 
lated with said system input signal and uncorre- 
lated with said first mentioned auxiliary random is 
signal source, a stopband filter having an input 
from said second auxiliary random signal source, 
wherein the output of said stopband filter pro- 
vides the input to said copy of filter Aand provides 
the input to said copy of filter B. 20 



38. The invention according to claim 33 comprising a 
first multiplier multiplying the input to filter A and 
the output of said first summer and supplying the 
output resultant product as a weight update signal 
to filter A, and a second multiplier multiplying the 
input to filter B and the output of said second 
summer and supplying the output resultant prod- 
uct as a weight update signal to filter B. 

39. The invention according to claim 38 comprising a 
third summer summing the input to filter Aand the 
input to said copy of filter Aand supplying the out- 
put resultant sum to said first multiplier for multi- 
plication with the output of said first summer to 
provide the weight update signal to filter A, a 
fourth summer summing the input to filter B and 
the input to said copy of filter B and supplying the 
output resultant sum to said second multiplier for 
multiplication with the output of said second sum- 
mer to provide the weight update signal to filter B. 

40. The invention according to claim 39 comprising a 
second adaptive filter model adaptively modeling 
the transfer function from said output transducer 
to said error transducer, an auxiliary random sig- 
nal source supplying a random signal to said sec- 
ond adaptive filter model uncorrected with said 
system input signal, a first copy of said second 
model having an input receiving the input to filter 
A and an output supplied to said third summer, 
wherein said third summer sums the output of 
said first copy of said second model and the input 
to said copy of filter A and supplies the output re- 
sultant sum to said first multiplier for multiplica- 
tion with the output of said first summer to provide 
the weight update signal to filter A, a second copy 
of said second model having an input receiving 



42. The invention according to claim 32 comprising 
an auxiliary random signal source uncorrected 
with said system input signal, a stopband filter 
25 having an input from said auxiliary random signal 
source, wherein the output of said stopband filter 
provides an input to said copy of filter A and pro- 
vides an input to said copy of filter B. 

30 43. The invention according to claim 32 comprising 
an auxiliary random signal source un correlated 
with said system input signal, a stopband filter 
having an input from said auxiliary random signal 
source, a third summer summing the input to filter 

35 A and the output of said stopband filter and sup- 

plying the output resultant sum to update filter A, 
a fourth summer summing the input to filter B and 
the output of said stopband filter and supplying 
the output resultant sum to update filter B. 

40 

44. The invention according to claim 26 wherein said 
adaptive filter model comprises an MR filter hav- 
ing an FIR filter A and an FIR filter B, a second 
adaptive filter model adaptively modeling the 

45 transfer function from said output transducer to 
said error transducer, a first auxiliary random sig- 
nal source supplying a random signal to said sec- 
ond model uncorrected with said system input 
signal, a first copy of said second model having 

so an input from the input to filter A, a second copy 

of said second model having an input from the in- 
put to filter B, a second auxiliary random signal 
source supplying a random signal uncorrected 
with said system input signal, a stopband filter 

55 having an input from said second auxiliary ran- 

dom signal source, a copy of filter A having an in- 
put from said stopband filter, a copy of filter B 
having in input from said stopband filter, a first 
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multiplier multiplying the output of said first copy 
of said second model and the error signal from 
said error transducer, a second multiplier multi- 
plying the output of said second copy of said sec- 
ond model and the error signal from said error 5 
transducer, a third multiplier multiplying the out- 
put of said copy of filter A and the input to said 
copy of filter A provided from the output of said 
stopband filter, a fourth multiplier multiplying the 
output of said copy of filter B and the input to said 10 
copy of filter B provided from the output of said 
stopband filter, a first summer summing the out- 
puts of said first and third multipliers and supply- 
ing the output resultant sum as a weight update 
signal to filter A, a second summer summing the is 
outputs of said second and fourth multipliers and 
supplying the output resultant sum as a weight 
update signal to filter B. 

45. The invention according to claim 26 wherein said 20 
adaptive filter model comprises an II R filter hav- 
ing an FIR filter A and an FIR filter B, a second 
adaptive filter model adaptive ly modeling the 
transfer function from said output transducer to 
said error transducer, a first auxiliary random sig- 25 
nal source supplying a random signal to said sec- 
ond model uncorrected with said system input 
signal, a first copy of said second model having 
an input from the input to filter A, a second copy 
of said second model having an input from the in- 30 
put to filter B, a second auxiliary random signal 
source supplying a random signal uncorrected 
with said system input signal, a stopband filter 
having an input from said second auxiliary ran- 
dom signal source, a copy of filter A having an in- 35 
put from said stopband filter, a copy of filter B 
having an input from said stopband filter, a first 
summer summing the output of said first copy of 
said second model and the output of said stop- 
band filter providing the input to said copy of filter 40 
A, a second summer summing the output of said 
second copy of said second model and the output 
of said stopband filter providing the input to said 
copy of filter B, a third summer summing the out- 
put of said copy of filter A and the error signal 45 
from said error transducer, a fourth summer sum- 
ming the output of said copy of filter B and the er- 
ror signal from said error transducer, a first mul- 
tiplier multiplying the outputs of said first and 
third summers and supplying the output resultant so 
product as a weight update signal to filter A a 
second multiplier multiplying the outputs of said 
second and fourth summers and supplying the 
output resultant product as a weight update signal 
to filter B. 55 
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